Samples of sewage from a university hospital and a chemistry technical school were analysed for the percentage of bacterial tolerance to chromium (Cr), silver (Ag) and mercury (Hg). Additionally, we investigated the effect of these metals on pigmentation and on some enzymatic activities of the metal tolerant strains isolated, as well as antimicrobial resistance in some metal tolerant Enterobacteriaceae strains. Tolerance to Cr was observed mainly in Gram positive bacteria while in the case of Ag and Hg the tolerant bacteria were predominately Gram negative. Hg was the metal for which the percentage of tolerance was significantly higher, especially in samples from the hospital sewage (4.1%). Mercury also had the most discernible effect on color of the colonies. Considering the effect of metals on the respiratory enzymes, one strain of Ag-tolerant Bacillus sp. and one of Hg-tolerant P. aeruginosa were unable to produce oxidase in the presence of Ag and Hg, respectively, while the expression of gelatinase was largely inhibited in various Gram negative strains (66% by Cr). Drug resistance in Hg-tolerant Enterobacteriaceae strains isolated from the university hospital sewage was greater than 80%, with prevalence of multiple resistance, while the Agtolerant strains from the same source showed about 34% of resistance, with the predominance of monoresistance. Our results showed that, despite the ability of metal tolerant strains to survive and grow in the presence of these elements, the interactions with these metals may result in metabolic or phisiological changes in this group of bacteria.
INTRODUCTION
Heavy metals are a group of metals with density greater than 5 g/cm 3 . They persist in nature and consequently tend to accumulate in food chains. Although relatively high levels of these elements occur in natural environment, their presence as a contaminant in ecosystems results mainly from anthropogenic activities (39) .
Some heavy metals such as nickel, iron, copper and zinc are essential to metabolic reactions and are required as trace elements by the organisms. Others like mercury, silver and cadmium have no biological role and are harmful to the *Corresponding Author. Mailing address: Departamento de Microbiologia e Parasitologia, Universidade Federal do Estado do Rio de Janeiro (UNIRIO), Rio de Janeiro, Brasil.; E-mail: agostinho.limaesilva@gmail.com organisms, even at very low concentrations (21) .
Bacteria that demonstrate the capacity of surviving in toxic heavy metals concentrations have been isolated from different sources (2, 6, 8, 9, 18, 26, 32) .
Many bacteria have specific genetic mechanisms of resistance to toxic metals (29, 36) . In the environment metals may select these resistant variants in a manner similar to the selection of antibiotic resistant strains. Indeed, it is relatively common the association of metal and antimicrobial resistance, since both resistance genes are frequently located on the same mobile genetic elements (12, 28) . Consequently, it can be assumed that the selective pressure exerted by heavy metals contribute to the indirect co-selection of antibiotic resistance, particularly in environments contaminated with the two elements.
Concerning heavy metals, terms such as "resistance" and "tolerance" are arbitrary and they are often used as synonymous in literature. Gadd (15) suggested using the term "resistance" when it is possible to characterize a specific mechanism of bacterial detoxification for a metal. Therefore, the term tolerance seems more appropriate to refer to the ability of a bacterial strain to grow in the presence of high concentrations of a metal, in all cases in which the mechanism of this process has not been investigated.
The toxic effects of heavy metals on microorganisms are influenced by a multitude of factors such as pH, concentration of chelating agents, speciation, and organic matter (9, 31, 38) .
The presence of those elements in the environment can result in impacts on ecosystems, with alterations in the biomass, diversity of microbial communities and cycling of elements (37, 35) .
Despite the large number of papers describing the action of heavy metals on microorganisms, there are few studies on the effects of toxic metals in the physiology of metal tolerant bacteria, in comparison to those about their inhibitory or deleterious effects on susceptible organisms (17, 40) .
In our work we analyzed the presence of metal tolerance (chromium, silver and mercury) in bacteria from sewage, and some effects of heavy metals on microorganisms that are able to survive and grow in their presence. Bacterial pigmentation and enzymatic activities such as catalase, gelatin hydrolysis and nitrate reduction were the characteristics chosen to study these effects. We find it relevant to evaluate the possible interactions between these toxic elements and tolerant bacteria in regard to the physiological and metabolic alterations derived from this contact, because it can be important, for example, in situations such as in the utilization of metal tolerant microorganisms for bioremediation of contaminated environments. Additionally, metal tolerant Enterobacteriaceae strains were investigated for their resistance to antimicrobial drugs, intending to study the possible relationship between metal tolerance and antimicrobial resistance.
This study is part of a broader investigation which aims to obtain data about metal tolerant bacteria considering their potential use for bioremediation, as well as about the impact resulting from the interactions between metals and metal tolerant bacteria. Previously we have investigated the possible relationships between metal tolerance and the degradation of toxic aromatic compounds (25) .
MATERIALS AND METHODS

Samples
Eleven samples of sewage from a chemistry school sewage (CSS) and nine from a university hospital sewage (UHS) were collected, with intervals of 1 or 2 months between each collection in the two institutions, both located in the northern region of Rio de Janeiro city. All samples consisted of 100 mL of sewage, collected in sterile bottles and transported in refrigeration to the laboratory. 
Isolation of chromium (
Effect of metals on enzymatic activity
The interference of metals on the expression of some MacFaddin (27) .
Antimicrobial susceptibility testing
Enterobacteriaceae strains that presented tolerance to 
Statistical analysis
The statistical analysis of the mean values of cfu/mL of metal tolerant bacteria from CSS and UHS was performed by a comparison of proportions by the Student s t test, with ' confidence levels of 5% being considered significant.
RESULTS AND DISCUSSION
Factors such as the culture media employed, growth conditions, and incubation period, besides the various possible forms and concentrations of metals used in the tests of tolerance may difficult their standardization and influence the in vitro toxicity of the metals (9, 38) . Due to these facts there are no universally accepted metal concentrations to define bacterial tolerance or resistance.
In this context we proposed to use in this study concentrations of each metal that determined ≥ 95% reduction in the number of cfu/mL when compared to the total population present in the sewage sample. Using this pattern of metal concentrations allowed us to detect subpopulations of bacteria that presented a differential behavior of metal tolerance in comparison to the general population present in the sewage, even though we can presume that this procedure may underestimate the real percentage of metal tolerant bacteria. Table 1 shows the average percentage of metal tolerant bacteria in the lowest concentrations of the metals. In the highest concentration of each metal, colonies were still detected, but with rates of cfu/mL lower than 0.1% (data not shown). The average rates of cfu/mL obtained in media containing Cr and Ag were very low in the samples from both institutions, reflecting, perhaps, the absence of selective pressure in these environments. Considering that tolerance to Hg is probably due to Hg genes R which are often associated with genes that confer resistance to antimicrobial drugs (12) , it is possible to admit that the intense use of these drugs in the hospital environment may contribute to the maintenance of genes Hg R in the bacterial population of this area.
In this study it was observed a predominance of Grampositive bacteria among the Cr-tolerant strains isolated from both sewage sources in all studied concentrations of the metal (Table 1 Table 2 ).
In the case of the sewage samples collected from the chemistry school (CSS), almost 90% of the strains that were able to grow in the presence of 20 g/mL of AgNO 3 were identified as Gram negative, in contrast to those obtained from the hospital (UHS), in which the percentages of Gram positive and Gram negative bacteria were similar (Table 1) .
Nevertheless, in the presence of 35 g/mL of this metal, 100%
of the bacteria were Gram negative in both sewage sources. It is important to mention that in the case of Gram positive bacteria no resistance determinant to Ag has been characterized (33).
The Gram-negative microorganisms isolated in the highest concentrations of Ag in both sewage sources were predominantly glucose fermentatives bacteria, which belonged to the Enterobacteriaceae family (Table 2) .
Gram negative bacteria were also predominant in the media containing HgCl 2 ( Table 1 caused a reduction in gelatinase production, while other common divalent cations (Fe 2+ and Cu 2+ ) inhibited it or had no effect (Mg 2+ ). On the other hand, considering that the authors did not work with metal tolerant strains, it is important to emphasize that, in the case of some of the cations tested, gelatinase inhibition may be related to the deleterious effect of these agents on the bacterial cell.
Kanayama and Sakai (23) Considering Ag and Hg, the concentrations of the metals which determined the limit of bacterial growth were the same as those in which changes in the colony colors were still noted, suggesting that these changes may be associated to the metal tolerance.
Bacterial pigments provide essential protection against photooxidative damage in photosynthetic and nonphotosynthetic organisms (1) . When present in low levels, toxic metals may inhibit bacterial pigmentation (14, 19) . In some cases, the capacity to produce pigment may be directly associated to metal tolerance. Fugimore et al (13) observed that a red pigment-deficient white mutant of Pseudomonas K-62
showed greater sensitivity to Hg 2+ than the parent wild-type reddish strain. In our study, for the strain of S. aureus that enhanced the pigment production in the presence of Cr this association was not observed, since this strain stopped to produce pigment in the presence of 160 g / mL of this metal, even though it was able to grow until to the concentration of 260 g / mL.
In contrast, for a strain of P. aeruginosa isolated in the present study, this association may be implied, since the degree of pigment production showed a direct relationship with the presence of Cr, achieving its higher intensity in the concentration of the metal which was also the limit for the growth of the bacteria. Ag-tolerant strains isolated from the UHS showed higher overall rate of resistance to antimicrobial agents than strains from the CSS, which was an expected result in the case of hospital strains (Table 4) . However, it is important to emphasize that most Ag-tolerant Enterobacteriaceae strains isolated from the hospital sewage showed susceptibility to the drugs tested, as well as predominance of mono-resistance profile. This result is in accordance with literature information since the occurrence of a significant association between the phenomenon of tolerance to Ag and antibiotic resistance has not been reported (8, 22) .
It is important to consider that, differently from Hg, there are not many reports of Ag tolerance, since this characteristic is considered unstable and difficult to maintain and transfer (7, 33) . Besides, we must consider that, in some cases, tolerance to this metal is not a true resistance derived from genetic expression, but a result of the production of capsular polysaccharides, which can combine with metals and protect the bacteria from toxicity (4).
Concerning antimicrobial resistance in Ag-tolerant strains, the main difference between the samples obtained from the two institutions was the multi-resistance, which was greater in those isolated from the hospital sewage. In contrast, the Hgtolerant strains isolated from the UHS had overall rate of antibiotic resistance greater than 85%, with a predominance of multi-resistance. In the Hg-tolerant strains from the CSS the overall rate of resistance was 33.6%, a value similar to that of Ag-tolerant strains from the hospital sewage. These results are consistent with reports on the frequent association between tolerance to Hg and antimicrobial resistance found in strains isolated from different sources (22, 24, 26, 28, 41) . Probably this is due to the fact that genes that code for antibiotic resistance and genes that code for mercury resistance are often carried on the same plasmids or other mobile genetic elements (41, 42) , favouring the occurrence of co-selective processes in the presence of this metal or of antimicrobial drugs. We also observed that the interaction of certain metal tolerant strains with heavy metals may result in alterations on the pigmentation, and that these alterations are not necessarily related to the ability to survive in the presence of the metal.
Apart from this fact, we can admit that, in the environment, the production or enhancement of pigment induced by the stress provoked by metals on certain metal tolerant strains may favour their survival by enhancing their resistance to deleterious agents such as UV radiation from sun light.
Even though we did not observe inhibitory effect of metals on catalase expression, oxidase activity was inhibited by
Hg or Ag in two metal tolerant strains, while Cr affected the process of denitrification in one strain, inducing different final products from nitrate degradation, depending on the concentration of the metal. Nevertheless, in relation to inhibition of enzymatic activity, the most intense effect observed in our study was, doubtlessly, the loss of the capacity to degrade gelatin in the presence of heavy metals. 
